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Negative Strand RNA Virus Replicon 

BACKGROUND 

Respiratory syncytial virus (RSV) is an important human respiratory pathogen, 
particularly for infants and older adults (Falsey and Walsh, 2000; Heilman, 1990). It is 
5 a single strand, non-segmented, negative sense RNA virus in the Mononegavirales 
superfamily, the Paramyxoviridae family, and the Pneumovirinae subfamily. All of the 
paramyxoviruses enter target cells by fusion at neutral pH, mediated by a similar 
fusion (F) protein and replicate entirely in the cytoplasm. The F protein expression in 
infected cells is also responsible for the typical syncytial pathology caused by RSV, 

10 the generation of multinucleated giant cells. RSV differs from viruses in the other 
Paramyxoviridae subfamily, the Paramyxovirinae, in several ways: its genome 
contains 10 genes, instead of 6 or 7; it has two nonstructural protein genes (NS1 and 
NS2) that precede the nucleocapsid (N) gene; and its attachment-enhancing protein, 
G (glycoprotein), is highly decorated with O-linked carbohydrate chains (Collins, 

15 Mcintosh, and Chanock, 2001). 

The 15.2 kb RSV genome replicates and expresses its genes in the cytoplasm of 
host cells. It is encased in a helical nucleocapsid structure provided by the N protein. 
This nucleocapsid complex is used by the viral polymerase as the template for 
20 transcription of mRNA and for production of full-length antigenomic copies. These 
antigenomes are also encased in helical nucleocapsid structures by the N protein 
and are copied by the polymerase to produce genomes. 

The major polymerase subunit is the L (large) protein, but the P (phosphoprotein) is 
25 also required for polymerase activity. While the L and P proteins are adequate for 
genome and antigenome synthesis, a third component, the M2-1 protein, is required 
for transcription of mRNA. It prevents premature termination during transcription of 
long mRNAs (Collins et al., 1996). Transcription of each gene initiates at a conserved 
10 nt gene start (GS) sequence and terminates at a relatively conserved gene end 
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(GE) sequence (Collins, Mcintosh, and Chanock, 2001). M2-2, a second protein 
encoded by the M2 mRNA controls the balance between transcription and replication 
(Bermingham and Collins, 1999). 

5 The viral F, G and SH (small hydrophobic) glycoproteins are synthesized in the 

endoplasmic reticulum and transit through the Golgi where the F protein is cleaved in 
two places by a furin-like enzyme (Zimmer, Budz, and Herrler, 2001) to reach the cell 
surface. Once at the cell surface, the F protein can cause the membranes of infected 
immortalized cells in culture to fuse with those of neighboring cells, producing 

10 multinucleated giant cells called syncytia. Syncytia formation does not require the G 
protein, but is enhanced by its presence (Karron et al., 1997; Techaarpornkul, 
Barretto, and Peeples, 2001). Syncytia formation is also thought to be the main 
cytopathic effect caused by RSV, and the main reason that RSV-infected cells die. 
RSV infection of cultured immortal cells does not lead to an early shutdown of protein 

1 5 synthesis (Levine, Peeples, and Hamilton, 1 977) as do other, highly cytotoxic 
negative strand viruses. 



Interestingly, RSV inoculation of cultured well-differentiated human airway epithelial 
(WD-HAE) cells results in infection of only the ciliated cells at the superficial surface 
but infection does not result in syncytia or in rapid cell death (Zhang et al., 2002). 
More recent experiments have demonstrated that these infected cells are killed by 
RSV infection, but that this process takes 5 to 7 days (Zhang, L, Peeples, M.E., 
Collins, P.L., and Pickles, R, unpublished data), indicating that RSV infection is 
slowly toxic for these cells even in the absence of syncytia formation. 

Virion assembly takes place at the plasma membrane, orchestrated by the matrix (M) 
protein and culminating in the budding and release of progeny virions. In addition to 
their roles in virion infectivity, the G protein has been shown to enhance release of 
virions from infected cells (Techaarpornkul, Barretto, and Peeples, 2001). In other 
paramyxoviruses, and the F protein has also been shown to be important for budding 
(Cathomen, Nairn, and Cattaneo, 1998; Russell, Jardetzky, and Lamb, 2001; Schmitt 
et al., 2002; Waning et al., 2002). However, RSV, like other negative strand RNA 
viruses, should not require its glycoproteins for genome replication and gene 
expression. 
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Non-cytotoxic replicons have previously been generated for positive strand RNA 
viruses, such as Sindbis and hepatitis C virus, by removing the viral glycoprotein and 
capsid genes (Blight, Kolykhalov, and Rice, 2000; Frolov et al., 1999; Lohmann, 
1999). Replication proteins did not need to be supplied separately for these positive 
5 strand viruses because the positive strand genome is also an mRNA and is 
translated to produce these proteins. 

DESCRIPTION OF THE FIGURES 

10 Figure 1 : Schematic diagram of cDNA clones used to generate the MP295 RSV 
replicon. 

D46 is the original full-length RSV cDNA used to rescue recombinant, 
infectious RSV (Collins et al., 1995). The MP224 cDNA has the enhanced GFP gene 
inserted in the first position, upstream of the first natural gene, NS1 (Hallak, 2000). 

1 5 The SN3 cDNA was derived from MP224 by deleting the three viral glycoprotein 
genes (Techaarpornkul, Barretto, and Peeples, 2001), replacing them with two 
unique restriction sites, Pvul and Xhol. YM6 was derived from SN3 by inserting a 
BsiWI restrictin site after the L gene and before the trailer sequence. A modified bsd 
gene unit from MP282 was cloned into the Pvul/Xhol sites in YM6 to generate 

20 MP295. The thick vertical bar at the left end of each cDNA represents the leader 
sequence, and the bar at the right end represents the trailer sequence. 

Figure 2: Schematic representation of the launch of replicons SN3 and YMS in 
HeLa cells. 

25 Seven plasmids were transfected into HeLa cells, which were also infected with 
MVA-T7, a recombinant vaccinia virus mutant that contains the gene for T7 
polymerase. T7 polymerase initiates RNA transcription at the T7 promoter (black 
box). The N, P, M2-1 and L mRNAs encode these proteins, which enable the 
antigenomic RNA produced from the SN3 or YM6 plasmid to replicate. The mRNAs 

30 from the F and G plasmids are translated into the F and G glycoproteins. 

Replicon/virions are produced and released into the medium which is used to 
inoculate fresh HeLa cells. GFP production identifies cells containing replicons. 
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Figure 3: Diagram of the MP295 replicon cDNA. 

The bsd gene was inserted into YM6 to generate the replicon cDNA, MP295. The 
sequence flanking the bsd gene is indicated in this diagram. To produce replicon 
RNA during the launch process (Figs. 1 and 4), the T7 polymerase initiates 
5 transcription at the T7 promoter and produces full-length antigenomic RNA, 

terminating at the T7 terminators. The ribozyme sequence then cleaves itself from 
the transcript. 

Figure 4: Schematic representation of the lauch of replicon MP295 in BHK- 
10 SR19-T7 cells. 

Five plasmids were transfected, each containing a T7 promoter (black box) that is 
used by the T7 polymerase to drive transcription. The T7 polymerase was produced 
by the Sindbis virus SR-19-T7 replicon in these cells. The MP295 plasmid transcript 
represents the RSV genome with the additional GFP and bsd genes, and all three 
1 5 glycoprotein genes deleted. The four support plasmids shown on the left generate 
mRNAs that are translated into the proteins needed to launch RSV replication. 

Figure 5: RT-PCR analysis of replicon-containing cells for the presence of 
glycoprotein sequences. 

20 Total RNA was extracted from uncloned RSV replicon-containing BHK-SR1 9-T7 cells 
(lane 1) and the supernatant from these cells (lane 2), or from RSV-infected cells 
(lane 3) and their supernatant (lane 4). A reaction without the addition of RNA was 
included as a negative control (lane 5). The RT reaction used random hexamers for 
priming. Specific primer pairs for each of the viral genes listed on the left were 

25 employed for PCR. PCR products from the replicon-containing cell RNA represented 
the M protein gene, but not the glycoprotein genes, SH, G and F. 

Figure 6: Schematic representation of strategy for mobilizing a negative strand 
RNA virus replicon. 

30 The replicon produces all of the RSV proteins except for its glycoproteins. To 

mobilize a replicon from a cell line in which it is replicating, a viral glycoprotein gene, 
the vesicular stomatitis virus G gene, was transfected into the replicon-containing cell 
line. The G glycoprotein complements the RSV replicon, allowing the formation and 
secretion of replicon/Virions. The medium can be used to inoculate fresh cells, which 

35 in the presence of blasticidin, form colonies of replicon-containing cells. 
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DESCRIPTION 

Described herein are materials and methods useful for developing replicons and 
5 replicon systems for negative strand RNA viruses. While the discussion and 

examples are directed mainly to RSV, the description should not be read as limited to 
that virus, as the methods are generally applicable to any negative strand RNA virus. 
RSV simply serves, for the purpose of this application, as a model for making and 
using such replicons and replicon systems. 

10 

Negative strand RNA virus replicons and replicon systems may be useful for many 
purposes, including as a means of testing for anti-viral agents. Such a method may 
comprise contacting a cell line containing a replicon with a candidate agent and then 
testing for an increase or decrease in replication or activity of the RNA virus replicon 
15 as compared to a control cell line harboring the same replicon, but which has not 
been contacted with the candidate agent. 

Further, a negative strand RNA virus replicon system will be useful for researching 
basic questions about negative strand RNA virus biology, and also in the 

20 development of negative strand RNA viruses as viral vectors. Basic biology uses 
include testing the ability of mutant F and/or G genes to support virion particle 
formation and infectivity. These mutant genes could be transfected into the replicon 
cell line, and metabolically labeled virions collected to assess virion particle 
formation. Such a system would allow relatively facile study of the requirements for 

25 these glycoprotein genes in virion assembly, without the need for building the mutant 
genes into the full-length clone and rescuing virus. It would also allow avoidance of 
the dilemma of "un-rescueable" mutant viruses. In these cases, the inserted mutation 
could be lethal or another lethal mutation might have crept into the plasmid during 
growth in bacteria. In addition, such systems would enable direct study of severe or 

30 lethal mutations, and distinguish a problem in virion formation from a problem in 

protein function. These questions cannot be addressed in a clone that is unable to be 
rescued. 
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A non-cytotoxic negative strand RNA virus replicon may also be useful as a vector for 
long term, cytoplasmic expression of foreign genes in cultured cells. The present 
Sindbis virus vectors are capable of expressing large amounts of foreign proteins, but 
are cytotoxic. Modified Sindbis vectors that are not cytotoxic are also not capable of 
expressing large amounts of foreign protein. The non-cytopathic Sindbis replicon 
also only replicates in a limited number of cell types. 



A negative strand RNA virus replicon system might also form the basis for producing 
negative strand RNA virus vectors, for gene therapy, for example. RSV, for example 

10 could be used to deliver genes to the respiratory tract. RSV is a good candidate for 
such a vector because it infects the superficial layer of the respiratory tract, unlike 
adenovirus which infects the basal cells (Zhang et al., 2002). For instance, an RSV 
replicon containing the CFTR gene that is defective in cystic fibrosis could be 
established in a cell line that also contains the G and F genes under the control of a 

15 Tet promoter. When doxycycline is added, virions would be produced. This 
"pseudovirus" could then infect cells in the respiratory tract of a CF patient and 
express the CFTR channel without expressing the G and F proteins. The lack of F 
expression not only prevents virion spread but also removes the major CTL target, so 
that the virus might evade immune detection and destruction. 

20 

A non-cytopathic negative strand virus replicon may be constructed as shown in the 
examples herein using materials and methods generally known to those of skill in the 
art. Such replicons may be constructed from a full length cDNA by removing, or 
rendering inoperative, one or more glycoprotein gene units, and inserting a gene 
25 suitable for selection. Optionally, a reporter gene may be inserted for ease of 
identifying replicon containing cells. For example, in the case of RSV, the F 
glycoproteins may be deleted or inactivated, with or without the deletion or 
inactivation of the SH and/or G glycoprotein genes, and a gene suitable for selection 
inserted. 



30 



Examples of genes suitable for selection are known in the art, including antibiotic 
resistance genes, that confer resistance to puromycin, hygromycin, neomycin, 
blastocidin and zeocin. Any reporter gene product is suitable for use, and is 
preferably one that can easily be assayed for. Examples include hydrolases or 
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15 



oxidoreductases and enzymes such as p-glucosidase, 3-glucuronidase, p- 
galactosidase, p-hexosaminidsae, p-lactamase, luciferase, phospholipase, and 
phosphatase. Green fluorescent protein (GFP) is a widely used reporter gene 
product suitable for use, as would be other modified versions of GFP that fluoresce at 
a different wavelength, producing blue, yellow, cyan or red signals, or other 
autofluorescent proteins like the red fluorescent protein. 

The strategies for "launching" a negative strand RNA virus replicon using T7 
polymerase, and for "mobilizing" it into cells that do not express T7 polymerase is 
presented in Figures 2 and 6. To launch a negative strand virus replicon, a plasmid 
containing replicon cDNA is transfected into cells that express T7 polymerase, as 
illustrated in Figure 2. In addition, support plasmids are transfected that generate the 
viral proteins necessary for replication and mRNA synthesis. The cells are then 
subjected to selection, and replicon-expressing cells are identified from the survivors. 
Those replicons can then be "mobilized" by transfecting their host cells with a 
plasmid encoding a viral glycoprotein that allows virion formation, as illustrated in 
Figure 6. 



Expression vectors and expression systems are well known in the art and widely 
20 available. Any suitable expression vector or system may be used, including the T7 
system described in the Examples. Other examples include expression vectors 
containing RNA polymerase II promoters such as the cytomegalovirus (CMV) 
immediate early (IE) promoter and the SV40 early promoter. 

25 As indicated above, the materials and methods disclosed herein are not narrowly 
limited to RSV, but rather are applicable to any negative strand RNA virus. For 
example, negative strand non-segmented RNA viruses, such as other members of 
the Paramyxoviridae, as well as members of the Rhabdoviridae, Filoviridae, and 
Bornaviridae families could be constructed from a full-length viral cDNA by removing 

30 or inactivating one or more glycoprotein gene units and inserting a gene that encodes 
a selectable gene product, such as an antibiotic resistance gene. A marker gene 
could optionally be inserted, such as GFP. Similarly, negative strand segmented 
RNA viruses such as Orthomyxoviridae, Arenaviridae, and Bunyaviridae could be 
constructed by removing one or more glycoprotein genes from the cDNA segment 

35 representing that gene and inserting a gene that encodes a selectable gene product, 
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such as an antibiotic resistance gene. For example, in the case of viruses in the 
family Orthomyxovirdae, the virion contains 7 (influenza virus type C) or 8 (influenza 
virus types A and B) unique segments. In the segment containing the hemagglutinin 
gene, that coding sequence could be replaced with the coding sequence for an 
5 antibiotic resistance gene. Additionally, in the segment containing the neuraminidase 
gene, that coding sequence could be replaced with the gene encoding GFP, or 
another marker protein. 

Rescue systems have been designed for members of most of these single strand 
10 and segmented negative strand RNA virus families that would allow the launch of a 
replicon. These systems are similar to the RSV system described herein. Plasmids 
carrying the genome or genome segments are transfected into cells, along with 
support plasmids, whose transcription into mRNA and the translation of the mRNAs 
into viral proteins provides all the protein needed to launch viral replication. Once 
1 5 viral replication has initiated, antibiotic treatment would kill most cells lacking a 

replicon, leaving clones of cells that contain viable, replicating, antibiotic resistance 
gene-expressing replicons. From those cells, replicons that are non-cytotoxic could 
be biologically selected since they would not kill their host cell. The cells containing 
those non-cytotoxic replicons could be cloned and used as described for RSV 

20 

WORKING EXAMPLES 

The following materials and methods are utilized in the examples: 

Cells. The baby hamster kidney (BHK) cell line carrying the non-cytotoxic Sindbis 
25 virus replicon that expresses T7 polymerase, BHKSR1 9-T7, was a gift from Charles 
Rice (Rockefeller University). It was maintained in MEM supplemented with 10% fetal 
bovine serum (fbs) and 4 ug/ml puromycin (Agapov et al., 1998). HeLa cells were 
maintained in DMEM supplemented with 10% fbs. All cells were incubated at 37°C in 
5% C0 2 , unless otherwise noted. 



30 



Plasmids. SN3, a plasmid containing the RSV genome deleted for all three 
glycoproteins but containing the enhanced green fluorescent protein (GFP) gene was 
described previously (Techaarpornkul, Barretto, and Peeples, 2001)(Fig. 2). YM6 is a 
derivative of SN3 in which a BsiWI restriction site has been inserted immediately 
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downstream of the L gene and the hammerhead ribozyme in SN3 has been replaced 
by a delta ribozyme. 

The blasticidin (bsd) gene was inserted into YM6 (Fig. 3). The bsd gene from 
5 pEF/Bsd (Invitrogen, Inc.) was PCR amplified using one primer containing Sacll and 
Pvul sites and the RSV GS signal, and another primer containing the Xhol site and a 
consensus RSV GE sequence (TCAATAAA I I 1 1 I), in addition to sequences 
complementary to bsd, and inserted into the Sacll and Xhol sites of pUC19 whose 
multiple cloning site had been modified for this purpose. The dsdgene was mutated 
10 (Byrappa, Gavin, and Gupta, 1 995; Hu and Gupta, 2000) to remove an internal Pvul 
• site and to break up a 7 base pair C+G sequence, without changing the encoded * 
protein. This modified bsd gene unit was inserted into the Pvul and Xhol sites of 
YM6, yielding MP295 in which the modified bsd gene replaces the three glycoprotein 
genes. 

15 

The plasmid pCAGGS-G(VSV), containing the vesicular stomatitis virus G protein 
gene, driven by a CMV promoter, was a gift from Michael Whitt (Vanderbilt 
University). In all cases, plasmids were propagated in 200 ml E. coli DH10B cultures, 
and plasmid DMA was extracted and purified using Concert Maxiprep kits (Invitrogen, 
20 Inc.). 

Replicon launch and selection of replicon-containing cells. The SN3 and YM6 
replicons, which lack the glycoprotein genes, were launched in a manner similar to 
that described for recombinant infectious RSV (Collins et al., 1995), except that 

25 plasmids expressing the F and G proteins were included. HeLa cells in 35 mm tissue 
culture wells were transfected with SN3 or YM6 (1 .2 ug), pTM1-N (0.4 ug), pTM1-P 
(0.2 ug), pTM1-L (0.1 ug), pTM1-M2-1 (0.1 ug), pTM1-G (0.2 ug/ml), and pTM1-F 
(0.2 ug/ml). TranslT-HeLa Monster (Mirus, Corp.) was used as the transfection 
agent. The cells were also infected with MVA-T7, a recombinant vaccinia virus that 

30 encodes 17 polymerase (Wyatt, Moss, and Rozenblatt, 1 995). Cells were incubated 
at 33°C. The T7 polymerase transcribes each of the plasmids, enabling the initiation 
of RSV replication and gene expression, and the assembly of "replicon/virions." 
These replicon/virions were able to infect fresh HeLa cells, allowing the replicon to 
express its genes and to replicate, but not to produce virions. 
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The MP295 replicon was launched by transfecting BHK-SR19-T7 cells in 35 mm 
tissue culture wells with MP295 (1.2 ug), pTM1-N (0.4 ug), pTM1-P (0.2 ug), pTM1-L 
(0.1 ug), andpTM1-M2-1 (0.1 ug), in the absence of puromycin. 7ra/?slT-LT1 (Mirus, 
Corp.) was used as the transfection agent. The T7 polymerase produced by the 
5 SinRepI 9-T7 Sindbis virus replicon transcribed each of the plasmids, enabling the 
initiation of replicon gene expression and replication. 

Example 1: Replication of a glycoprotein-deleted RSV in cultured cells. 

RSV infection of cultured cells leads to the formation of syncytia and eventually to 
10 cell death. To determine whether the glycoproteins that cause cell fusion are the only 
cytotoxic proteins or process of RSV replication, we used a glycoprotein-deleted RSV 
cDNA, SN3, that we had previously generated (Techaarpornkul, Barretto, and 
Peeples, 2001). This cDNA also contains a GFP gene (Fig. 1), allowing simple 
detection of cells in which it is replicating. A similar RSV cDNA, YM6, was also tested 
15 in this experiment. 



To launch SN3 and YM6, HeLa cells in 35 mm tissue culture dishes were transfected 
with the SN3 plasmid and the four plasmids necessary to initiate RSV replication and 
transcription, N, P, L, and M2-1 (Fig. 2). Plasmids expressing the F and G 

20 glycoproteins of RSV were also transfected into these cells to enable assembly of 
infectious "replicon/virions" that are able to cause a single cycle of infection. The cells 
were infected with MVA-T7 a vaccinia virus recombinant that produces T7 
polymerase. Two days after transfection green cells were visible when examined by 
fluorescence microscopy, indicating that both SN3 and YM6 had begun to replicate 

25 and to express their genes, including the GFP gene. Three days after transfection, 
virus was harvested by scraping the cells from the wells, vortexing and pelleting the 
cells. Fresh HeLa cells in 35 mm wells were inoculated with the supernatant. 

As illustrated in Figure 2, the seven plasmids transfected into the HeLa cells each 
30 contain a T7 promoter (black box) that is used by T7 polymerase to drive 

transcription. T7 polymerase is supplied by co-infection with MVA-T7. The SN3 or 
YM6 plasmid transcript represents the RSV genome with the additional GFP gene in 
the first position and all three glycoprotein genes deleted. The four support plasmids 
shown on the left generate mRNAs that are translated into the proteins needed to 
launch RSV replication. Once the replicon begins to replicate and produce its own 
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mRNAs, the plasmids are no longer needed as a source of proteins. The two 
plasmids shown on the right produce the two glycoproteins that allow packaging of 
infectious "replicon/virions." These replicon/virions were harvested and used to infect 
fresh HeLa cells. 

Two days after inoculation, cells were examined by fluorescence microscopy, and 
cell groupings counted (Table 1). Over 60% of the cells had divided once yielding 
pairs of cells. However, one or both of these cells had died in over 60% of these 
pairs. These cells were passaged to 150 mm dishes. Three days later, twice as 
many single green cells were observed as pairs. In addition, 3 triplet clusters and one 
four cell cluster were observed. Many of the single, non-dividing green cells were 
larger than a typical HeLa cell. An unsuccessful attempt was made to selectively 
isolate the multiple cell clusters. In several repeats of this rescue experiment, 8 and 
16 cell clusters were observed, but selection was again unsuccessful. 

These results suggested that in the absence of the glycoprotein genes, RSV is 
cytotoxic, though relatively slowly. Furthermore, a few cells survived infection with a 
replicon and some of these were able to divide several times despite the presence of 
the replicon. 

Table 1 

Green cells two days after transfer of replicon/virions to fresh HeLa cells 

Pairs with one Pairs with both 

dead cell cells dead 

10 5 

5 2 

45 20 

20 g 

80(26) 36(12) 



Replicon 


Singles 


Pairs 


SN3 
SN3 
YM6 
YM6 
TOTAL (%) 


14 
7 

60 
40 
121 (3g) 


11 

3 

30 
27 
71 (23) 



Example 2: Selection of replicon-containing cells. 

To allow antibiotic selection of replicon-containing cells, we inserted a blasticidin 
25 (ftsd) gene unit into the former position of the viral glycoproteins to generate the RSV 
cDNA MP2g5 (Figs. 1, 3). To simplify the launching of this replicon, we used BHK- 
SR10-T7 cells that produce T7 polymerase from a Sindbis virus replicon. This 
approach avoids vaccinia infection, and therefore, eventual death of the cells in 
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which the replicon is functioning. It also avoids the need to produce replicon/virions 
for transfer of the replicons to fresh cells. 

To launch the replicon, MP295 and the four RSV support plasmids necessary for 
5 virus replication and gene expression, N, P, L, and M2-1 were transfected into two 35 
mm wells of BHK-SR19-T7 cells (Fig. 4). On day 2, green cells were noted and all of 
the cells from each 35 mm dish were passaged to 100 mm dishes. On the following 
day (day 3) the medium was replaced with fresh medium containing 1 ug/ml 
blasticidin, a concentration that we had determined would kill most BHK-SR1 9-T7 

10 cells. On day 4, approximately 200 single green cells and 1 5 pairs of the green cells 
were noted. On day 6, 20 pairs of green cells were noted. Many of the cells lacking 
the replicon had died by that time, but a few resistant colonies were growing. The 
cells were passaged into 150 mm tissue culture plates, in the presence of 4 or 8 
ug/ml blasticidin in an attempt to eliminate resistant BHK cell clones. The following 

1 5 day, day 9, 40 % of the 1 75 cell groups counted were pairs, the remainder being 
singles. By day 14, 3 colonies of >20 cells had developed, while many of the 
individual green cells had remained single or died. By day 19, many "mixed" colonies 
containing both replicon-containing and parental cells were noted, as well as more 
colonies with only green cells. 

20 

By day 33, many large green colonies were visible and 10 well isolated colonies were 
picked. Interestingly, the phenotype of these colonies fell into at least three obvious 
phenotypes: small (the size of the original BHK-SR19-T7 cells); large (approximately 
twice the size of the first phenotype); and scattered. The scattered phenotype 

25 describes cells that are localized together on the plate but rather than being in a tight 
cluster, they appear to be migrating away from each other. Well-isolated 
representatives with each of these phenotypes were cloned and grown as cell lines. 
Representative cell lines, BHK-RR-B51E and HeLa-RR-B51S, have been deposited 
with ATCC (ATCC deposit numbers: PTA-5257 and PTA-5258, respectively). Each 

30 cell line maintained its original phenotype during subsequent passages. 

To confirm that the cells containing replicons did not contain infectious virus by 
accident, spent medium from the uncloned cultures was collected and used to 
inoculate fresh HeLa cells. No green cells were noted over the following 48 hr, 
35 though control cells inoculated with virus did produce green cells within 24 hr. In 
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addition, we extracted RNA from the uncloned cultures, both cells and medium, and 
tested for the presence of SH, G, F, and M RNA. Only the M primers yielded a PCR 
product from the replicon-containing cells and their medium, confirming that the virus 
was present and replicating, but that the viral glycoprotein genes were not being 
expressed (Fig. 5), as expected. All four genes were detected in the cells and 
medium from RSV-infected cells. It is, therefore, possible to biologically select cells 
containing stable, replicating, non-cytotoxic RSV replicons. 

Example 3: Replicon mobilization. 

To determine whether the cells or the replicons had been selected, the replicons from 
three of the replicon-containing cell lines, one from each cell phenotype, were 
transferred to fresh cells. To accomplish this transfer, the replicons were "mobilized" 
by supplying a viral glycoprotein gene that allows virion formation, the VSV G gene 
(Fig. 6). Three days post-transfection the "replicon/virions" in the medium were used 
1 5 to inoculate fresh BHK-SR1 9-T7 cells, as well as HeLa cells. 

The day after inoculation, many cells in each of the inoculated dishes were green. In 
one dish, more than 1,000 of the cells were green. On day 3, all of the cells were 
passaged from 35 mm dishes to 100 mm dishes, and 8 ug/ml blasticidin was added 
the following day with fresh medium. Cells lacking replicons died over the following 
week. Most of the green cells developed into clones. The large die-off noted during 
their initial isolation did not occur, indicating that non-cytotoxic replicons had been 
selected in the initial BHK-SR1 9-T7 cells, not cells that could cope with the infection. 
Both BHK-SR19-T7 and HeLa cells displayed this non-cytotoxic, rapid colony 
25 development pattern, indicating that these replicons that had been selected for non- 
cytotoxicity in one cell line are also non-cytotoxic in another, even a cell line from 
another species. 



20 



Interestingly, the small, large and scattered cell phenotypes noted in the original 
30 replicon-containing BHK-SR19-T7 cell clones were also found in the BHK-SR19-T7 
cells that received the mobilized replicon. But instead of finding the same phenotype 
as the original replicon-containing cells, all three phenotypes were found in the 
clones initiated from each replicon/virion preparation. This result indicates that the 
replicons were not the cause the different cell phenotypes. Perhaps the BHK-SR19- 
35 T7 cells contain a mixture of cell phenotypes which can support a non-cytopathic 
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RSV replicon. Several similar cell phenotypes were also observed in the HeLa cells 
inoculated with replicon/virions from each original BHK clone. 
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